d) 

CrossMark 



REVIEW 

Neuroscience 



http://dx,doi.org/1 0,3346/jkma201 4,29,7,886 • J Korean Med Sci2014: 29: 886-892 



TKMS 



Primary Prevention of Alzheimer's Disease: Is It an Attainable 
Goal? 



Jee-Young Han^ and Seol-Heui Han" 

^Department of Neurology, Seoul National 
University Hospital, Seoul; ^Department of 
Neurology, Konkuk University School of Medicine; 
^Center for Geriatric Neuroscience Research, 
Institute of Biomedical Science and Technology 
Konkuk University, Seoul, Korea 

Received: 12 March 2014 
Accepted: 13 May 2014 

Address for Correspondence: 
Seol-Heui Han, MD 

Department of Neurology, Konkuk University School of IVIedicine 

and Konkuk University IVIedical Center, 120-1 Neungdong-ro, 

Gvyangjin-gu, Seoul 143-729, Korea 

Tel: +82.2-2030-7561, Fax: +B2.2-2030-7018 

E-mail: alzdoc@kuh.ac.kr 



Alzheimer's disease (AD) is the leading cause of dementia, and the most prevalent 
neurodegenerative disease in the elderly. The prevalence of AD is predicted to rise as life 
expectancy grows across populations. The exact cause of this devastating disease is still 
unknown; however, it is an aging-related multi-factorial disorder, and growing evidence 
supports the contribution of modifiable environmental factors to unmodifiable factors 
such as gene and ageing itself. The recent advancement of methodologies and techniques 
for early diagnosis of AD facilitates the investigation of strategies to reduce the risk for AD 
progression in the earliest stages of the disease. Pharmacological attempts at curing, 
halting or modifying it have, by and large, been unsuccessful, and no breakthrough is seen 
in the near future. However, a lot of elements that seem to contribute to the disease such 
as risk factors have been identified, mainly from epidemiological and basic research 
studies. Many of these are amenable to lifestyle modification. Therefore, prevention in the 
preclinical stage is likely the most effective way to decrease the incidence of this age- 
associated dreadful neurodegenerative condition, and its associated burden for individuals 
and society. We provide an overview of modifiable risk factors for AD along with the 
supporting evidence. 
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INTRODUCTION 

Astonishing advancement in medical knowledge and everiast- 
ing improvements in healthcare services in recent years have 
contributed to an increased longevity in the worldwide popula- 
tion (1), which is projected to continue to increase. While it is 
evident that expansion of life expectancy might be indicative of 
a healthier population, it is also ttue that a growing number of 
population are living to an older age with risk factors for age-re- 
lated neurodegenerative disorders, most typically Alzheimer's 
disease (AD), which wiU ultimately result in dramatic increase 
in the number of people suffering from dementia and related 
cognitive decline (2). This age-related cognitive decline is a 
burgeoning public health concern domestically, as well as in- 
ternationally. Current pharmacological agents available for AD 
target the neurottansmitter deficits of the disorder, but provide 
only symptomatic relief for a brief duration. Furthermore, these 
compounds are unable to halt the degenerative process, and 
may lead to an unfavorable risk/beneflt position and tolerance 
(3). Over the past decade, research efforts have concentrated 
largely on therapeutic sttategies that aim to prevent the forma- 
tion and deposition of p-amyloid and tau, or accelerate their 
clearance, but there has been limited success (4). Therefore, 
there is an urgent and unmet need to develop novel strategies 



that wiU be able to delay onset of dementia, or halt the progres- 
sion of disease course. Until then, it would be a reasonable op- 
tion to adopt any measures known to mitigate dementia risk. It 
is estimated that about half of AD cases worldwide might be at- 
tributable to known risk factors. Taking immediate action on 
the known risk factors could perhaps prevent up to one-flfth of 
predicted new cases by 2025 (5). We tried to describe here the 
most pertinent findings from literature reviews, together with 
some more speculative ideas and hypotheses for further scrutiny. 

STATUS OF AD 

How big is the problem? 

AD is the most common cause of dementia in persons aged 60 
yr and older, representing 60%-80% of cases (6). The second 
most common cause is vascular dementia or dementia due to 
the occurrence of multiple strokes. However, increasing evi- 
dence from population-based neuropathological and neuro- 
imaging studies shows that mixed neuropatholgies (character- 
istic of AD, cerebral infarctions and Lewy bodies) account for 
most dementia cases, particularly in very old people (7, 8). AD 
is a fairly common condition in older age. The overall prevalence 
among individuals aged 65 yr and older has been estimated to 
be 10%-13%, and the rate increases exponentially with older 
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age: from 3% among 65-74-yr-olds to 19% among 75-84-yr-olds, 
and nearly half (47%) of those aged 85 yr and older (6). 

Where are we now? 

Given the expected dramatic increase in the incidence and prev- 
alence of dementia, the development of successftil prevention 
and treatment strategies is critical. However, the current phar- 
maceutical treatment of AD can only modestly improve symp- 
toms, and cannot cure or halt clinical progression. As a result, 
prevention of dementia through risk factor identification and 
modification is of the utmost importance until truly efficacious 
disease-modifying agents are available. 

Is Alzheimer's disease preventable? 

Prevention is traditionally divided into three levels: primary, 
secondary, and tertiary prevention. Primary prevention refers 
to reducing the incidence of the disease by eliminating or treat- 
ing specific risk factors, which may decrease or delay the devel- 
opment of a specific disease. In the case of AD, people currentiy 
without any signs or symptoms of AD could remain without AD 
through the primary prevention sttategy. Secondary prevention 
aims to detect the disease at an early stage, before any symp- 
tom has emerged, when tteatment could halt or limit its pro- 
gression. Tertiary prevention ameliorates the impact of compli- 
cations and disability of long-term diseases, thus it allows pa- 
tient to maintain an acceptable quality of Ufe. 

In this review, the discussion will be largely focused on pri- 
mary prevention of AD. Evidence surrounding the prevention 
of AD will be discussed, where available. 

MSK FACTORS AND PREVENTION 

Although the exact etiology of AD largely remains unknown, 
researchers in this field currentiy agree that it is multifactorial, 
being the result of complex interactions among ageing, genetic, 
lifestyle and environmental factors. The primary risk factors for 
late-onset AD include older age, the APOE 84 genotype, head 
injury, family history, low education and low participation in 
cognitively stimulating activities (9). Among them, advanced 
age is the strongest risk factor for AD such that the risk doubles 
every 5 yr after the age of 65. Dysfunctional vascular conditions 
and related vascular risk factors are the primary focus of the 
current research in AD aside from vascular dementia (10). Among 
these factors, physical activity (11), diet (12) , hypertension (13), 
obesity (14), hypercholesterolemia (13), diabetes (15), heart 
disease (16), cerebrovascular disease (CVD) (7), and metabolic 
syndrome (17), are the most actively investigated areas. The 
sttong relationship between CVD and diet, as well as between 
CVD and dementia support the idea that diet also plays a role 
in dementia at the very least through its effect on cardiovascu- 
Icir-related conditions (18). Genetic causes of AD are restticted 



to early-onset cases in persons less than 60 yr of age, and ac- 
count for only 1% of aU cases (19). 

There is also increasing evidence suggesting that many risk 
factors that contribute to the development of late-life demen- 
tias are modifiable (13). The same factors that forced people to 
be at risk for dementia may be targets for interventions (Identi- 
fying sttategies to delay the onset of dementia is, thus, of great 
importance for alleviating the rising pressures of this disease on 
health-care systems and societies (20). Even a very small reduc- 
tion in the rate of development of AD pathology would have 
enormous public health benefits. 

Cognitive activity (Cognitive training) 

Several observational studies demonstrate that education is the 
most established risk factor for dementia. People who are more 
educated have lower rates of AD and all-cause dementia than 
those with less education. Engaging in highly complex mental 
activities conferred protection against the subsequent develop- 
ment of dementia. The term "cognitive reserve (CR)" has been 
applied to describe this condition that the greater number of 
neurons or advance neuropsychological competence can pro- 
tect individuals from developing clinically overt cognitive de- 
cline or dementia (21). High CR individuals seem to have a rep- 
ertoire of sttategies to resolve complex tasks, as well as redim- 
dant neuronal networks to carry out the same activities (22). Al- 
though several randomized conttoUed ttials of cognitive inter- 
vention have yielded mixed and inconclusive results, the do- 
main of global cognitive functioning, as measured by Mini-Men- 
tal State Examination, showed consistent and significant inter- 
vention effects (23). Recentiy the ACTIVE study group demon- 
sttated the effects of cognitive ttaining on cognitive abilities and 
everyday function over 10 yr. They randomized 2,832 patients 
into four groups and three intervention arms: 10 ttaining ses- 
sions for memory (verbal episodic memory), reasoning (ability 
to solve problems that follow a serial pattern), or speed of pro- 
cessing (visual search and identification); four sessions of boost- 
er ttaining 11 and 35 months after initial training. The results 
revealed that compared to the conttol group, cognitive-ttained 
subjects showed less decline in self-reported insttumental ac- 
tivities of daily living (lADL). Reasoning and speed, but not 
memory, ttaining resulted in improved targeted cognitive abili- 
ties for 10 yr (24). Based on these results, it seems advisable to 
engage in cognitive ttaining programs as part of a formal multi- 
modal therapeutic approach. At least, these nonpharmacologi- 
cal interventions should be considered as a complementary 
option of intervention. 

Physical activity 

The most thoroughly and well-researched behavioral interven- 
tion for cognitive functioning is physical activity (PA). PA may 
also mitigate associated risk factors for cognitive decline such 
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as cardiovascular disease. One recent meta-analytic study ar- 
gued that high and moderate intensity PA decreased the risk of 
cognitive decline in healthy individuals by up to 38% and 35% 
respectively (25). 

Lautenschlager et al. (26) reported that PA has been shown 
to improve cognitive outcomes in patients with nuld cognitive 
impairment. One recent prospective study on PA suggests that 
cognitively normal older adults who report higher levels of phys- 
ical activity may have slightiy better cognitive performance, but 
the potential cognitive benefits of higher levels of physical ac- 
tivity over time may be most evident in individuals at genetic 
risk for AD (27). 

It is believed that BDNF plays a centtal role on the effects of 
exercise on synaptic plasticity. It has recentiy been reported that 
an exercise regimen known for its capacity to enhance learning 
and memory through a BDNF-related mechanism, promotes 
remodeling of chromatin containing the BDNF gene (28). Mul- 
tiple genes analysis using microarray technology has been in- 
strumental in determining the pathways stimulated by exercise 
in the brain. These studies have shown that voluntary exercise 
elevated the expression of a subgroup of genes that are associ- 
ated with the actions of BDNF and insulin-like growth factor 
(IGF) systems on synaptic plasticity (29). 

Aerobic exercise reduced the risk of cognitive impairment 
and dementia which can be explained by either a direct neuro- 
tiophic effect of exercise or by an improvement in the cerebro- 
vascular and cardiovascular risk profiles. The authors argue that 
aerobic exercise attenuates progression of neurodegenerative 
processes and age-related loss of synapses and neuropil via fa- 
cilitation of neurotrophic factors and neuroplasticity (30). These 
findings are in line with animal experiments in which aerobic 
exercise enhances hippocampal dendritic length and dendritic 
spine complexity (31). In a long-term, prospective cohort study, 
the usual weekly walking distances reported by healthy adults at 
baseline were positively associated with neocortical and hippo- 
campal MRI volumes 9 yr later (32). Recently, Rovio et al. (33) 
reported that leisure-time PA at midlife (on average 21 yr before 
the diagnosis of dementia) is related to a decreased risk of de- 
mentia and AD. Individuals participating at least twice a week 
in a leisure-time PA had 50% lower odds of dementia compared 
with sedentary persons. The association was somewhat stton- 
ger for AD than for overall dementia; those in the active group 
had 60% lower odds of AD compared with those in the seden- 
tary group, even after adjusting for potential confounding fac- 
tors. The APOE 84 allele status appeared to modify the associa- 
tions between PA and dementia or AD as PA had more pro- 
nounced effects against dementia or AD among the APOE 84 
carriers; dementia may have affected the individuals' observed 
PA (33). Thus, ongoing, moderate-intensity physical exercise 
should be considered as a prescription for lowering cognitive 
risks and slowing cognitive decline across the age specttum. 



Vascular risk factor controls 

Mounting evidence indicates that vascular disease and risk fac- 
tors not only elevate the risk of vascular dementia (VaD) but 
also AD (34). Moreover, the neuropathology of cognitive im- 
pairment in later life is often a mixture of Alzheimer disease 
and microvascular brain damage, which may overlap and syn- 
ergize to heighten the risk of cognitive impairment (35). It is re- 
centiy reported that midlife cardiovascular risk factors are relat- 
ed to impairments in executive functions as ascertained by 
novel errors and ttaditional measures (36). An association of el- 
evated blood pressure in midlife with an increased risk of de- 
mentia and AD later in life has been reported in several popula- 
tion-based studies (37, 38) while follow-up studies of late-life 
blood pressure and risk of dementia yield mixed results, largely 
depending on the length of foUow-up. The short-term foUow- 
up studies (e.g., less than 3 yr) often found no association or 
even an inverse association between blood pressure and risk of 
dementia and AD. However, studies of very old people (i.e., 75 
+ yr) with a longer foUow-up period (i.e., more than 6 yr) also 
revealed an increased risk of dementia associated with low 
blood pressure, suggesting that low blood pressure is a signifi- 
cant risk factor for dementia in very old people (39). 

The association of diabetes and pre-diabetes with AD may 
reflect the direct effects of chronic hyperglycemia, hyperinsu- 
Unemia, or insulin resistance on brain neurodegenerative chang- 
es (40). Multiple mechanisms related to diabetes-related glu- 
cose and insulin dysregulation can lead to vascular and neuro- 
nal damage (41). Studies suggest that the longer the duration of 
diabetes, the poorer the cognitive function (42). 

Dyslipidemia has been suggested as a risk factor for AD (2) 
Some reports, mostly retrospective epidemiological studies, 
have observed a decreased prevalence of AD in patients taking 
the cholesterol lowering drugs, statins. People with high levels 
of low-density lipoproteins in late life have increased risk of 
cognitive impairment and dementia with sttoke (43). The pro- 
duction of amyloid-p (Ap) is modulated by cholesterol, and 
studies on animal models have consistentiy demonsttated that 
hypercholesterolemia is associated with an increased deposi- 
tion of cerebral Ap peptides (44). Several mechanisms conttib- 
ute to AD development and progression, and increasing epide- 
miological and molecular evidence suggests a key role of cho- 
lesterol in its initiation and progression. Altered cholesterol 
metabolism and hypercholesterolemia appear to play funda- 
mental roles in amyloid plaque formation and tau hyperphos- 
phorylation (45). 

Since the above-mentioned vascular risk factors are convinc- 
ingly associated with an increased risk of incident dementia, 
tieatments targeting vascular risk factors in mid-life seem to be 
safe and fruitiul. 
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Nutritional approaches 

Among other factors, ample evidence suggests that cognitive 
function is influenced by nutrition (46). The role of nutrition in 
cardiovascular disease is well documented particularly regard- 
ing the protective effect of poly-unsaturated fatty acids of the 
omega 3 series (n-3 PUFA) (18). We could therefore expect a 
protective effect of the same nutrients against vascular demen- 
tia, but also against the vascular component of AD. A healthy 
diet could then contribute to simultaneously decrease the risk 
of several conditions whose incidence sharply increases with 
ageing. Consequently, the potential of nutritional intervention 
to prevent or delay cognitive impairment and the development 
of AD is a subject of growing scientific interest. Elevated satu- 
rated fatty acids could have negative effects on age-related cog- 
nitive decline and ntild cognitive impairment (MCI). Further- 
more, at present, epidemiological evidence suggests a possible 
association between fish consumption, monounsaturated fatty 
acids and polyunsaturated fatty acids (PUFA; in particular, n-3 
PUFA) and a reduced risk of cognitive decline and dementia. 
Poorer cognitive function and an increased risk of vascular de- 
mentia (VaD) were found to be associated with a lower con- 
sumption of milk or dairy products. Among different dietary 
patterns, recent prospective studies provided evidence that a 
higher adherence to a Mediterranean-type diet (MedDiet) could 
be associated with slower cognitive decline, reduced risk of 
progression from MCI to AD, reduced risk of AD, and decreased 
all-cause mortality in AD patients (47-49). One recent interven- 
tion study with MedDiet was associated with better global cog- 
nitive performance after 6.5 yr of foUow-up compared with a 
contiol group who received advice on a lower-fat diet (50). Epi- 
demiological studies have recentiy reported an association be- 
tween wine consumption and the incidence of AD. Red wine in 
particular, another component of the MedDiet, was investigat- 
ed in the Personnes Agees Quid (PAQUID) study, in which the 
relative risk for dementia and AD among 318 subjects who 
drank three or four glasses of wine each day in comparison with 
971 total abstainers were 0.21 and 0.25, respectively. Among the 
922 older subjects who drank no more than one or two glasses 
of wine each day with regard to the abstainers the relative risk 
for AD was significantiy reduced (0.55) (51). A possible mecha- 
nism for the protective effect of wine is provided by the antioxi- 
dant and anti-inflammatory properties of resverattol and mela- 
tonin, which are most prominent in red wine (52-54). Studies 
suggest that dietary polyphenolics may benefit AD by modulat- 
ing multiple disease-modifying modalities, both P-amyloid- 
dependent and independent mechanisms, and provide impe- 
tus for the development of polyphenolic compounds for AD 
prevention (55). They also show antioxidant, cardioprotective, 
anticancer, antidiabetic, neuroprotective and anti-aging activi- 
ties (54). 

A recent review article emphasized the potential role of nu- 



ttitional supplementation to prevent cognitive decline by coun- 
teracting deleterious neurodegenerative and pathological pro- 
cess. The literature reinforces the need for early intervention in 
AD and suggests that multi-nutiitional intervention, targeting 
multiple aspects of the neurodegenerative process during the 
earliest possible phase in the development of the disease, is 
likely to have the greatest therapeutic potential (56). Therefore 
effective, nutrition-based approaches would be of great benefit 
due to a relatively low risk of side effects in a presymptomatic or 
prodromal stage, and benefit a relatively healthy population al- 
lied to the necessarily long exposure time (57). 

Stress management 

High levels of perceived sttess are associated with a higher risk 
of developing AD (58). Increasing evidence has been accumu- 
lating about the role of sttess as an important challenge to the 
onset and progression of AD. The hippocampus, a main struc- 
ture of the brain damaged during AD, is the first brain region, 
besides the hypothalamus, to be recognized as a target of sttess 
hormones, including Cortisol, sympathetic and parasympathet- 
ic neurottansmitters, cytokines and metabolic hormones (59). 
Neuroinfalmmatory mechanisms induced by sttess is likely to 
cause neuronal dysfunction and impaired neurogenesis which 
eventually develop AD (60). 

Sleep is a very important physiologic phenomenon to reduce 
mental and physical tensions alike. Several studies suggest that 
sleep may influence AD pathogenesis. Sleep-wake abnormali- 
ties are associated with the presence of amyloid deposition in 
the preclinical stage of AD. Moreover, sleep abnormalities may 
increase soluble Ap_ levels over the long term, leading to an in- 
creased chance of amyloid plaque accumulation, further sleep 
disruption, and, subsequentiy, symptomatic AD (61). In a cou- 
ple of cross-sectional studies, insufficient or decreased sleep 
quality was associated with poor cognitive function (62, 63). 

The attenuating effect of meditation on sttess reduction, the 
prevention of psychosomatic disorders, blood pressure, and 
other cardiovascular diseases has been well recognized (64). 
Meditation techniques are considered to be specific cognitively 
stimulating activities. Newberg et al. suggests that the applica- 
tion of meditation techniques in patients with neurodegenera- 
tive diseases has a positive impact on memory, and attention 
(65). One recent pilot study demonsttated that in adults most 
susceptible to the development of dementia, meditation may 
reduce hippocampal atrophy and improve functional connec- 
tivity in the same areas of the brain most affected by the disease 
process (66). Thus meditation can be a potentially suitable non- 
pharmacological intervention aimed at the prevention of cog- 
nitive decline in the elderly (67). 

Social engagement 

Social relationships are hypothesized to prevent or slow down 
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cognitive decline. It has been well documented that individuals 
with reduced social networks are more susceptible to develop 
cognitive decline compared with those who have more exten- 
sive social interactions (68). Brenowitz et al. (69) reported that 
compared with living with a spouse/partner, risk of MCI was 
significantiy higher for those living with others (hazard ratio: 
1 .35; 95% confidence interval: 1 .03, 1 .77), but not for living alone. 
Risk of MCI was not associated with having children or having 
siblings. Participation in socially engaging leisure activities-such 
as visits with friends and relatives, going to the movies, clubs, 
centers, and church/synagogues, and volunteering was also as- 
sociated with reduced risk of dementia. It is possible that aspects 
of cognitive processing that allow people to develop and main- 
tain large social networks might also provide a reserve against 
the development of cognitive impairment despite the accumu- 
lation of AD pathology, or otherwise compensate for the effects 
of degeneration of non-social cognitive systems (70, 71). 

Multimodal interventions 

Recent reviews suggest that multimodal interventions that in- 
clude more than one behavioral or lifestyle intervention may 
have a greater likelihood of influencing neurobiological mecha- 
nisms underlying cognitive decline than any one activity alone 
(72). Tai Chi is a good example of multimodal interventional 
strategy. Tai Chi is an increasingly popular multimodal mind- 
body exercise that incorporates physical, cognitive, social, and 
meditative components in the same activity. Tai Chi shows po- 
tential to enhance cognitive function in older adults, particular- 
ly in the reakn of executive functioning and in individuals with- 
out significant impairment (73). Recent prospective study sug- 
gests that individuals who participated in the 4-month exercise 
and frontal cognitive stimulation intervention program had 
better performance on dual-task activities, better postural bal- 
ance on the force platform, and greater functional capacity than 
control participants. Therefore, their results confirmed the hy- 
pothesis that a combination of physical exercise and frontal 
cognitive stimulation has a favorable effect on frontal cognition 
relative to postural control and functional capacity components 
in individuals with AD (74). According to recent studies, the 
combination of diet and exercise can deliver more beneficial 
effects than intervention alone (75, 76). 

CONCLUSION 

AD is now considered as epidemic in the 21st century; however, 
in spite of enormous intellectual, financial and time investments, 
the exact pathomechanism of AD is still far from being fuUy elu- 
cidated. Current treatment options for AD are limited to couple 
of classes of symptomatic medications targeting cholinergic 
and glutaminergic neurotransmitter derangements respective- 
ly. Moreover, neither class of medication is thought to signifi- 



cantly alter the causal pathways in AD, i.e., none can stop or 
slow the progress of the disease. In recent years, many drug 
candidates aimed at disease modification have advanced into 
large, randomized controlled trials, but none has demonstrated 
efficacy in slowing down the relentiess progression of AD. It is, 
therefore, critical to address the current lack of effective tteat- 
ments to target the xmderlying pathology and disease process 
in AD. 

Epidemiological studies have identified many risk factors for 
AD, some genetic but most environmental and therefore modi- 
fiable. In this context, a concerted action to fight the AD epidem- 
ic must be taken by aggressive risk factor management through 
the above-mentioned lifestyle modification strategies until ef- 
fective disease modifying drugs are available. 
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